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SPECIFICATION 



SEMICONDUCTOR DEVICE AND 
FABRICATION PROCESS THEREFOR 



CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to Japanese application No. 
2000-359535 filed on 27 November 2001, whose priority is claimed 
under 35 USC § 119, the disclosure of which is incorporated by- 
reference in its entirety, 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device 
having a high breakdown voltage transistor structure, and to a 
fabrication process therefor. 

2. Description of the Related Art 

High voltage operating transistors in semiconductor 
devices such as non-volatile semiconductor memories (e.g., flash 
memories) and liquid crystal drivers operative at a high voltage 
differ in structure from MOS transistors operative at an ordinary 
voltage. Such a transistor has substantially the same 
construction as an ordinary LDD-type MOS transistor but has a 
greater offset width than an ordinary sidewall spacer width in its 
LDD region (particularly, the greater offset width portion is called 
"offset region"). 

More specifically, Japanese Unexamined Patent Publication 
No. 10(1998)-189954 discloses a novel high breakdown voltage 
transistor and a fabrication process therefor, in which an LDD 
offset region is formed by utilizing a double-layer gate electrode 
structure. The high breakdown voltage transistor can prevent 



deterioration of its driving performance, and employ a salicide 
process which is one of resistance reduction techniques. 

A fabrication process for the high breakdown voltage 
transistor will be described with reference to Figs, 14 to 17. 

As shown in Fig. 14, a semiconductor substrate 21 having 
a device isolation oxide film (not shown) formed by a known device 
isolation process is first channel-doped, and then a first polysilicon 
layer 23 is formed on the substrate with the intervention of a gate 
insulation film 22, 

In turn, a first gate electrode 24 is formed by a 
photolithography process as shown in Fig. 15. Then, a resist 
pattern (not shown) having an opening in a high breakdown voltage 
transistor formation region is formed on the resulting substrate, 
and LDD offset regions 25 of the high breakdown voltage transistor 
are formed in the substrate by ion implantation with the use of the 
resist pattern. 

Thereafter, a second polysilicon film 27 is formed over the 
resulting substrate with the intervention of an intermediate 
insulation film 26 as shown in Fig. 16. 

As shown in Fig. 17, a second gate electrode 28 is formed 
as covering the first gate electrode 24 by a photolithography 
process. Then, a resist pattern (not shown) having an opening in 
the high breakdown voltage transistor formation region is formed 
on the resulting substrate by a photolithography process, and ion 
implantation is performed with an energy such as not to allow ions 
to penetrate through the first and second gate electrodes 24, 28 for 
formation of source/drain regions 30. 

For further micro-miniaturization of the device, wider 



diffusion of an impurity due to a heat treatment should be 
prevented. To this end, the heat treatment is carried out at a 
lower temperature in the fabrication process. Therefore, it is 
difficult to improve a junction breakdown voltage by broadening a 
diffusion profile by way of the heat treatment. In some cases, 
even the aforesaid high breakdown voltage transistor fails to 
satisfactorily ensure a required breakdown voltage. 

An attempt may be made to form the source/ drain regions 
at a sufficiently great junction depth by more deeply implanting 
impurity ions into the substrate with a higher energy. However, 
the gate electrode which is to be employed as a self-alignment 
mask for the ion implantation has a reduced thickness for 
improvement of micro-processability and for suppression of gate 
electrode depletion. Therefore, this attempt is useless. 

In view of the foregoing, there is a demand for a high 
breakdown voltage transistor having a structure suitable for a 
micro-fabrication process, and a fabrication process for such a 
high breakdown voltage transistor. 
SUMMARY OF THE INVENTION 

In accordance with a first aspect of the present invention, 
there is provided a semiconductor device comprising: a 
semiconductor substrate of a first conductivity type; a first 
electrode provided on the semiconductor substrate with the 
intervention of a gate insulation film; a second electrode provided 
at least on the first electrode with the intervention of an 
intermediate insulation film; and a pair of impurity regions of a 
second conductivity type provided in a spaced relation in the 
semiconductor substrate; at least one of the impurity regions 



comprising a low concentration impurity region, an intermediate 
concentration impurity region and a high concentration impurity 
region sequentially arranged in this order from a region located 
underneath the first electrode. 
5 In accordance with a second aspect of the present 

invention, there is provided a process for fabricating a 
semiconductor device, comprising the steps of: (i) forming a gate 
insulation film on a semiconductor substrate of a first conductivity 
type and forming a first electrode on the gate insulation film; (ii) 

10 subjecting the resulting substrate to implantation of ions of a 

second conductivity type by using the first electrode as a mask; (iii) 
forming an intermediate insulation film on the resulting 
semiconductor substrate and forming a second electrode on the 
intermediate insulation film with at least a part of the second 

15 electrode being disposed on the first electrode; (iv) subjecting the 
resulting substrate to implantation of ions of the second 
conductivity type with an implantation energy that causes the ions 
to be implanted into a region of the semiconductor substrate 
formed with either of the first and second electrodes but forbids the 

20 ions to be implanted into a region of the semiconductor substrate 
formed with the first and second electrodes in a stacked relation; 
and (v) subjecting the resulting substrate to implantation of ions of 
the second conductivity type with an implantation energy that 
forbids the ions to penetrate through the first electrode and the 

25 second electrode; whereby the semiconductor device is fabricated 
as having at least one impurity region of the second conductivity 
type including a low concentration impurity region, an intermediate 
concentration impurity region and a high concentration impurity 



4 



region sequentially arranged in this order from a region located 

underneath the first electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 4 are schematic sectional views for explaining a 
5 fabrication process for a semiconductor device according to a first 
embodiment of the present invention; 

Figs. 5 and 6 are schematic sectional views for explaining a 
fabrication process for a semiconductor device according to a 
second embodiment of the present invention; 
10 Fig. 7 is a schematic sectional view for explaining a 

fabrication process for a semiconductor device according to a third 
embodiment of the present invention; 

Figs. 8 and 9 are schematic sectional views for explaining a 
fabrication process for a semiconductor device according to a 
15 fourth embodiment of the present invention; 

Figs. 10 to 12 are schematic sectional views for explaining 
a fabrication process for a semiconductor device according to a 
fifth embodiment of the present invention; 

Fig. 13 is a schematic sectional view for explaining a 
20 fabrication process for a semiconductor device according to a sixth 
embodiment of the present invention; and 

Figs. 14 to 17 are schematic sectional views for explaining 
a fabrication process for a semiconductor device according to the 
prior art. 

25 DETAILED DESCRIPTION OF THE INVENTION 

A semiconductor device according to the present invention 
essentially includes a semiconductor substrate of a first 
conductivity type, a gate insulation film, a first electrode, an 
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intermediate insulation film, a second electrode and a pair of 
impurity regions of a second conductivity type provided in a spaced 
relation. The semiconductor device includes a so-called high 
breakdown voltage MOS transistor, which may be of a P type or an 
5 N type. 

The semiconductor substrate to be employed for the 
inventive semiconductor device is not particularly limited, but may 
be any of those typically employed for semiconductor devices. 
Exemplary materials for the semiconductor substrate include 

10 elemental semiconductors such as silicon and germanium, and 
compound semiconductors such as GaAs, InGaAs and ZnSe. A 
silicon substrate is particularly preferred among others. The 
substrate may be an SOI substrate, a multi-layer SOI substrate or 
the like. The semiconductor substrate preferably has a device 

15 isolation region formed thereon (or on a semiconductor surface 

layer of the SOI substrate). Further, the semiconductor substrate 
may be of a single layer structure or a multi-layer structure formed 
with a transistor, a capacitor, a resistor, a circuit constituted by 
these elements, a semiconductor device, an interlayer insulation 

20 film, an interconnection layer and the like in combination. The 
device isolation region may be constituted by any of various device 
isolation films such as a LOCOS film, a trench oxide film and an 
STI film. In the present invention, the semiconductor substrate is 
of the first conductivity type which may be either the P type or the 

25 N type, and preferably has a proper sheet resistance. 

In the present invention, the gate insulation film is capable 
of functioning as a gate insulation film or a tunnel insulation film 
in the semiconductor device. The intermediate insulation film is 
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disposed at least between the first and second electrodes for 
insulating the first and second electrodes from each other. The 
gate insulation film and the intermediate insulation film may each 
be a single layer film or a multi-layer film constituted, for example, 
5 by a silicon oxide film (a thermally oxidized film, a low temperature 
oxidized film (LTO film) or a high temperature oxidized film (HTO 
film)), a silicon nitride film, an SOG film, a PSG film, a BSG film 
and/ or a BPSG film. The thicknesses of the gate insulation film 
and the intermediate insulation film are each determined 

10 depending on the function of the film, and may be, for example, 

about 5 to about 50 nm and about 5 to about 50 nm, respectively. 
The intermediate insulation film may be provided on the generally 
entire surface of the semiconductor substrate including the first 
electrode, or may cover a part of the surface of the semiconductor 

15 substrate. The intermediate insulation film is preferably 

composed of a material which is capable of functioning as an 
etching stopper when the second electrode is processed as will be 
described later. 

The first electrode is capable of functioning as a gate 

20 electrode of an ordinary MOS transistor, a capacitor electrode, a 

resistor element, or a floating gate electrode of a memory transistor. 
The second electrode is capable of functioning as a gate electrode 
of an ordinary MOS transistor, a capacitor electrode, a resistor 
element, or a control gate electrode of a memory transistor. The 

25 first electrode and the second electrode may each be a single layer 
film or a multi-layer film constituted, for example, by a 
semiconductor film such as of an amorphous, monocrystalline or 
polycrystalline N-type or P-type elemental semiconductor (e.g., 



7 



* J 



silicon, germanium or the like) or a compound semiconductor (e.g., 
GaAs, InP, ZnSe or CsS or the like), a metal film such as of gold, 
platinum, silver, copper or aluminum, a high melting point metal 
film such as of titanium, tantalum or tungsten and/ or a film of a 
5 silicide of a high melting point metal or a polycide. A silicon film 
or a silicon film having a surface entirely or partly composed of a 
silicide of a high melting point metal are particularly preferred. 
The first and second electrodes each have a thickness of about 100 
to about 400 nm, for example, and the first electrode preferably 

10 has a greater thickness than the second electrode. The first and 
second electrodes each have a shape and a size which are properly 
determined depending on the function, application voltage, 
material and thickness thereof in consideration of the 
micro-miniaturization of the semiconductor device to be fabricated. 

15 For example, the first electrode typically has a rectangular shape. 
The shape and size of the second electrode may be such that the 
second electrode generally entirely covers the first electrode and 
further extends to one side or opposite sides of the first electrode 
on the semiconductor substrate, or may be disposed only on the 

20 first electrode. 

Sidewall insulation films may be provided on side walls of 
the first electrode and/ or the second electrode. The thickness of 
the sidewall insulation films may properly be determined 
depending on the thicknesses of the first and second electrodes, 

25 voltages to be applied to the first and second electrodes and the 
like. The first electrode and/ or the second electrode may have a 
conductive layer (e.g., a metal film, a high melting point metal film 
or a film of a silicide of a high melting point metal) partly or 
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entirely covering the surface thereof. The thickness of the 
conductive layer is properly determined depending on the 
thicknesses and materials of the first and second electrodes, and 
preferably about 10 to about 200 nm, 
5 The pair of impurity regions of the second conductivity type 

are provided in a spaced relation. That is, the impurity regions 
are spaced from each other on opposite sides of the first and 
second electrodes with a channel region interposed therebetween. 
The second conductivity type is the P type if the semiconductor 

10 substrate is of the N type, and is the N type if the semiconductor 
substrate is of the P type. At least one of the pair of impurity 
regions has a low concentration impurity region, an intermediate 
concentration impurity region and a high concentration impurity 
region sequentially arranged in this order from the channel region, 

15 i.e., from a region located underneath the first electrode. As long 
as the impurity region has the aforesaid arrangement, the impurity 
region further includes impurity diffusion layers of different 
impurity concentrations arranged vertically, horizontally or 
diagonally from the low concentration impurity region, the 

20 intermediate concentration impurity region and/or the high 
concentration impurity region. 

The low concentration impurity region is generally capable 
of functioning as an offset region having a relatively low impurity 
concentration. For example, the low concentration impurity 

25 region has an impurity concentration on the order of 10 18 ions/cm 3 , 
and is preferably provided at least in a surface portion of the 
semiconductor substrate adjacent to the channel region. Where 
the second electrode is disposed only on the first electrode, the low 
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concentration impurity region may extend from the surface portion 
of the semiconductor substrate adjacent to the channel region to 
the inside of the substrate as surrounding the intermediate 
concentration impurity region and the high concentration impurity 
region to be described later. The low concentration impurity 
region is disposed at a depth of about 100 to about 600 nm as 
measured from the surface of the semiconductor substrate. 

The intermediate concentration impurity region is generally 
capable of functioning as an offset region having a higher impurity 
concentration than the low concentration impurity region. For 
example, the intermediate concentration impurity region has an 
impurity concentration on the order of 1 X 10 18 to 10 19 ions/cm 3 , 
and is preferably provided adjacent the low concentration impurity 
region. The intermediate concentration impurity region may be 
provided only in a surface portion of the semiconductor substrate, 
or extend from the surface portion of the semiconductor substrate 
to the inside of the substrate as surrounding the high 
concentration impurity region to be described later or as being 
partly or entirely surrounded by the low concentration impurity 
region. The intermediate concentration impurity region is 
disposed at a depth of about 100 to about 600 nm as measured 
from the surface of the semiconductor substrate. 

The high concentration impurity region is generally capable 
of functioning as a source /drain region, and has a higher impurity 
concentration than the intermediate concentration impurity region. 
For example, the high concentration impurity region has an 
impurity concentration on the order of 1 X 10 20 to 10 21 ions/cm 3 , 
and is preferably disposed adjacent the intermediate concentration 
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Impurity region. The high concentration impurity region is 
preferably provided only in a surface portion of the semiconductor 
substrate, and a conductive layer as described above may be 
provided as partly or entirely covering the surface of the high 
concentration impurity region. The high concentration impurity 
region is disposed at a depth of about 100 to about 400 nm as 
measured from the surface of the semiconductor substrate. 
Where the conductive layer is provided on the surface of the high 
concentration impurity region, the thickness of the conductive 
layer is preferably about 10 to about 200 nm. The high 
concentration impurity region may be surrounded by the low 
concentration impurity region and the intermediate concentration 
impurity region, or surrounded only by the low concentration 
impurity region. 

In the inventive fabrication process for the semiconductor 
device, forming a gate insulation film on a semiconductor substrate 
of a first conductivity type and forming a first electrode on the gate 
insulation film in the step (i). The gate insulation film can be 
formed by a thermal oxidation process, a CVD process, a 
sputtering process or an evaporation process, depending on a 
material for the gate insulation film. The formation of the first 
electrode can be achieved in the same manner as formation of a 
gate electrode for an ordinary MOS transistor. 

In the step (ii), ions of a second conductivity type are 
implanted into the semiconductor substrate by using the first 
electrode as a mask. Examples of the ions of the second 
conductivity type include N-type ions such as phosphorus ions and 
arsenic ions, and P-type ions such as boron ions and BF2 ions. 
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The ion implantation is intended for formation of a low 
concentration impurity region. An implantation energy of 5 to 40 
keV and a dose of about 5X 10 12 to 10 13 ions/cm 2 , for example, are 
employed for the formation of the low concentration impurity 
5 region. 

Where a second electrode is formed only on the first 
electrode in the step (hi), the ion implantation to be performed in 
the step (ii) may be intended for formation of an impurity region 
other than the low concentration impurity region (e.g., an 
10 intermediate concentration impurity region). In this case, the ion 
implantation is performed at a dose of about 1 X 10 13 to 10 14 
ions/ cm 2 . 

In the step (iii), an intermediate insulation film is formed 
on the semiconductor substrate and a second electrode is formed 

15 on the semiconductor substrate with the intervention of an 
intermediate insulation film with at least a part thereof being 
disposed on the first electrode. The intermediate. insulation film is 
formed in the same manner as the gate insulation film. The 
formation of the second electrode is achieved in substantially the 

20 same manner as the formation of the first electrode. 

In the step (iv), ions of the second conductivity type are 
implanted again into the semiconductor substrate. The ion 
implantation should be performed under conditions such as to 
cause the ions to be implanted into a region of the semiconductor 

2 5 substrate formed with either of the first and second electrodes but 
not to allow the ions to be implanted into a region of the 
semiconductor substrate formed with the first and second 
electrodes in a stacked relation. An implantation energy of about 
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40 to about 200 keV, for example, is employed for the ion 
implantation, depending on the thicknesses and materials of the 
first and second electrodes and the thickness of the intermediate 
insulation film. The ion implantation is intended for formation of 
the intermediate concentration impurity region. A dose of about 1 
X 10 13 to about 2X 10 14 ions/cm 2 , for example, is employed for the 
formation of the intermediate concentration impurity region. 
Where the second electrode is provided only on the first electrode, 
the ion implantation to be performed in the step (iv) may be 
intended for formation of an impurity region other than the 
intermediate concentration impurity region (e.g., the low 
concentration impurity region). In this case, an implantation 
energy of about 40 to about 200 keV and a dose of about 5X 10 12 to 
about 1 X 10 14 ions/ cm 2 are employed for the ion implantation. 

In the step (v), ions of the second conductivity type are 
further implanted into the semiconductor substrate. The ion 
implantation should be performed under conditions such as to 
allow the ions to penetrate through neither of the first and second 
electrodes. An implantation energy of about 3 to about 80 keV, for 
example, is employed for the ion implantation, depending on the 
thicknesses and materials of the first and second electrodes and 
the thickness of the intermediate insulation film. The ion 
implantation is intended for formation of a high concentration 
impurity region. A dose of about 1 to 5X 10 15 ions/cm 2 , for 
example, is employed for the formation of the high concentration 
impurity region. 

By performing the steps described above, the 
semiconductor device can be fabricated which has the pair of 
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impurity regions of the second conductivity type provided in a 
spaced relation on the opposite sides of the first electrode, at least 
one of the impurity regions including the low concentration 
impurity region, the intermediate concentration impurity region 
5 and the high concentration impurity region sequentially arranged 
in this order from the region located underneath the first electrode. 

In the present invention, the steps (i) to (v) are not 
necessarily required to be performed in this order. For example, 
the step (v) may precede the step (iv). The inventive fabrication 

10 process may further include, as required, a heat treatment step, a 
photolithography step, an additional ion implantation step and the 
like typically required for an ordinary semiconductor process. 

The step of forming sidewall insulation films on side walls 
of the first electrode and/ or the second electrode may be performed 

15 between the steps (iv) and (v), while the steps (i) to (v) are 

performed in this order. The formation of the sidewall insulation 
films is achieved by a method known in the art. After the 
formation of the sidewall insulation films, ions of the second 
conductivity type may be implanted into the substrate with an 

20 implantation energy such as not to allow the ions to penetrate 

through the sidewall insulation films in the step (v), whereby the 
offset width of the impurity regions can be controlled as desired. 

Where the second electrode is formed only on the first 
electrode in the step (iii), the impurity region of the second 

2 5 conductivity type including the low concentration impurity region, 
the intermediate concentration impurity region and the high 
concentration impurity region can assuredly be formed by 
performing the ion implantation in the step (v) after the formation 
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of the sidewall insulation films. Where the second electrode is 
formed as extending from the first electrode onto the 
semiconductor substrate in the step (iii), an impurity region having 
a different impurity concentration can be formed in addition to the 
5 low concentration impurity region, the intermediate concentration 
impurity region and the high concentration impurity region by 
performing the ion implantation in the step (v) after the formation 
of the sidewall insulation films. 

Further, it is preferred to perform the sidewall insulation 

10 film formation step between the steps (iv) and (v) and perform a 
salicide process with the use of a high melting point metal film 
after the step (v), while performing the steps (i) to (v) in this order. 
This allows for formation of conductive layers only on the first 
electrode and/ or the second electrode and on the high 

15 concentration impurity region while preventing formation of a 
conductive layer on a so-called offset region. If it is possible to 
prevent deterioration of the characteristics of the semiconductor 
device which may occur due to unwanted silicide formation on the 
side walls of the gate electrode, the salicide process following the 

20 step (v) is not necessarily required to be performed after the 
sidewall insulation film formation step performed between the 
steps (iv) and (v). 

With reference to the attached drawings, the inventive 
semiconductor device and the fabrication process therefor will 

25 hereinafter be described in detail by way of embodiments. 
Embodiment 1 

An explanation will be given to a semiconductor device 
including high breakdown voltage MOS transistors according to 



15 



Embodiment 1 of the present invention, and to a fabrication 
process therefor. 

As shown in Fig. 4, the semiconductor device includes a 
semiconductor substrate 1, a first gate electrode 4 provided on the 
semiconductor substrate 1 with the intervention of a gate 
insulation film 2, and a second gate electrode 8 provided over the 
first gate electrode 4 with the intervention of an intermediate 
insulation film 6. The second gate electrode 8 entirely covers the 
first gate electrode 4 and extends onto the semiconductor substrate 
1 . A pair of impurity regions are provided in the surface of the 
semiconductor substrate 1 in a spaced relation on opposite sides of 
the first gate electrode 4. The impurity regions each include a low 
concentration offset region 5, an intermediate concentration offset 
region 9 and a source/ drain region 10 sequentially arranged in this 
order from a region located underneath the first gate electrode 4. 

The semiconductor device is fabricated in the following 
manner. 

A semiconductor substrate 1 having a device isolation 
oxide film (not shown) formed through a known device isolation 
region formation process is first channel-doped. Then, a first 
polysilicon film 3 is formed on the substrate with the intervention 
of a gate insulation film 2 for high breakdown voltage transistors 
as shown in Fig. 1 . 

A first gate electrode 4 is formed through a 
photolithography process as shown in Fig. 2. The first gate 
electrode 4 has a thickness of 200 nm, for example. 

In turn, a resist pattern (not shown) having an opening on 
a high breakdown voltage NMOS transistor formation region is 
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formed on the resulting substrate through a photolithography 
process. Then, P ions are implanted into the substrate at a dose 
of 8X 10 12 cm- 2 with an implantation energy of 50 keV by using the 
resist pattern as a mask for formation of low concentration offset 
5 regions 5 of a high breakdown voltage PMOS transistor. 

Similarly, a resist pattern (not shown) having an opening 
on a high breakdown voltage PMOS transistor formation region is 
formed on the resulting substrate through a photolithography 
process. Then, B ions are implanted into the substrate at a dose 

10 of 8X 10 12 cm* 2 with an implantation energy of 20 keV by using the 
resist pattern as a mask for formation of low concentration offset 
regions (not shown) of a high breakdown voltage NMOS transistor. 

Subsequently, a second poly silicon film is formed over the 
resulting semiconductor substrate 1 with the intervention of an 

15 intermediate insulation film 6, and then a second gate electrode 8 
is formed through a photolithography process as shown in Fig. 3. 
The second gate electrode has a thickness of 150 nm, for example. 
The second gate electrode is formed as covering the first gate 
electrode 4 and extending onto the semiconductor substrate 1 on 

20 opposite sides of the first gate electrode 4. In turn, a resist 
pattern (not shown) having an opening on the high breakdown 
voltage NMOS transistor formation region is formed on the 
resulting substrate through a photolithography process. Then, P 
ions are implanted into the substrate at a dose of 2X 10 13 cnr 2 with 

2 5 an implantation energy (e.g., 150 keV) such as to cause the P ions 
to penetrate through a single electrode portion but not to allow the 
P ions to penetrate through a stacked electrode portion by using 
the resist pattern as a mask for formation of second intermediate 
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offset regions 9. 

Then, As ions are implanted into the substrate at a dose of 

3X 10 15 cm* 2 with an implantation energy (e.g., 50 keV) such as to 

allow the As ions to penetrate through neither of the first and 
5 second gate electrodes for formation of source/ drain regions 10 as 

shown in Fig. 4. 

Similarly, in the high breakdown voltage PMOS transistor 

formation region, B ions are implanted into the substrate, for 

example, at a dose of 2 X 10 13 cm -2 with an implantation energy of 
10 60 keV, and BF2 ions are implanted into the substrate, for example, 

at a dose of 3X 10 15 cm' 2 with an implantation energy of 30 keV for 

formation of source /drain regions (not shown). 

Further, the resulting substrate is subjected to an 

activation annealing process, an interlayer insulation film 
15 formation process, a contact hole formation process, a 

metallization process, a multi-level interconnection formation 

process, a protective film formation process and the like for 

completion of the first half of the semiconductor device fabrication 

process (wafer process), and further subjected to the second half of 
20 the semiconductor device fabrication process (assembly process). 

Thus, the semiconductor device is fabricated. 

Embodiment 2 

A semiconductor device according to Embodiment 2 has 

substantially the same construction as the semiconductor device of 
25 Embodiment 1, except that sidewall insulation films 11 are formed 

on side walls of the second gate electrode 8, and the source/ drain 

regions 10 and the second gate electrode 8 each have a silicide 

layer 12 on the surface thereof. 
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An explanation will next be given to a fabrication process 
for the semiconductor device, which is substantially the same as 
the fabrication process in Embodiment 1, but additionally employs 
a so-called salicide process. 
5 A high breakdown voltage NMOS transistor and a high 

breakdown voltage PMOS transistor are fabricated by performing 
the same steps as in Embodiment 1 till the source /drain formation 
step (Fig. 4). 

Thereafter, a silicon nitride film is formed over the 
10 resulting semiconductor substrate 1 and then etched back, 

whereby sidewall insulation films 1 1 are formed on side walls of 
the second gate electrode 8. At this time, silicon is exposed from 
the surfaces of the second gate electrode 8 and the source /drain 
regions 10. 

15 Subsequently, a Ti film is formed over the resulting 

semiconductor substrate 1, which is in turn subjected to a heat 
treatment for reaction of the Ti film with silicon and polysilicon 
(gate electrode). Then, an unreacted portion of the Ti film on the 
insulation film is removed with the use of an acid or the like. 

20 Thus, silicide films 12 are formed on the exposed silicon surface 
portions in a self-aligned manner as shown in Fig. 6. 
Embodiment 3 

As shown in Fig. 7, a semiconductor device according to 
Embodiment 3 has substantially the same construction as the 

25 semiconductor device of Embodiment 1, except that the second 

gate electrode 8 extends onto the semiconductor substrate 1 only 
on one side of the first gate electrode 4, and an impurity region 
provided on a side not formed with the second gate electrode 8 
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does not have the sequential arrangement of the low concentration 
offset region 5, the intermediate concentration offset region 9 and 
the source /drain region 10 but the low concentration offset region 
5 is included in the intermediate concentration offset region 9. 

The semiconductor device is fabricated in the following 
manner. 

As in Embodiment 1 , a second polysilicon film is formed 
over a semiconductor substrate 1 formed with a first gate electrode 
4 and a first LDD offset region 5 with the intervention of an 
intermediate insulation film 6. 

Subsequently, a second gate electrode 8 is formed through 
a photolithography process as shown in Fig. 7. The second gate 
electrode 8 covers a part of the first gate electrode 4, and further 
extends onto the semiconductor substrate 1 on one side of the first 
gate electrode 4. 

Thereafter, the semiconductor device is completed in the 
same manner as in Embodiment 1 . 
Embodiment 4 

As shown in Fig. 9, a semiconductor device according to 
Embodiment 4 has substantially the same construction as the 
semiconductor device of Embodiment 3, except that sidewall 
insulation films 1 1 are provided on side walls of the second gate 
electrode 8, and silicide layers 12 are provided on the surfaces of 
the source/drain regions 10, on an exposed surface portion of the 
first gate electrode and on the surface of the second gate electrode 
8. 

An explanation will next be given to a fabrication process 
for the semiconductor device, which is substantially the same as 
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the fabrication process in Embodiment 3, but additionally employs 
a so-called salicide process. 

As in Embodiment 3, source/drain regions 10 are formed 
(Fig, 7), whereby a high breakdown voltage NMOS transistor and a 
5 high breakdown voltage PMOS transistor are fabricated. 

Thereafter, a silicon nitride film is formed over the 
resulting semiconductor substrate 1 and then etched back, 
whereby sidewall insulation films 1 1 are formed on side walls of 
the second gate electrode 8 and on side walls of the first gate 

10 electrode 4 not covered with the second gate electrode 8. 

Subsequently, the salicide process is performed in the 
same manner as in Embodiment 2, whereby silicide layers 12 are 
formed only on exposed silicon surface portions in a self-aligned 
manner as shown in Fig. 9. 

15 The second gate electrode 8 is thus offset from the first 

gate electrode 4 to one side thereof in an overlapping relation, so 
that the total thickness of the first gate electrode 4 and the second 
gate electrode 8 is varied to make variations in effective impurity 
implantation amount in the offset region. Therefore, the 

20 semiconductor device can be fabricated with the source region and 
the drain region having different breakdown voltages. This 
improves the design flexibility. 
Embodiment 5 

As shown in Fig. 12, a semiconductor device according to 

25 Embodiment 5 has substantially the same construction as the 
semiconductor device of Embodiment 1 , except that the second 
gate electrode 8 is provided only on the first gate electrode 4, 
sidewall insulation films 1 1 are formed on side walls of the first 
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gate electrode 4 and the second gate electrode 8, and the impurity 
regions each include a low concentration offset region 14, an 
intermediate concentration offset region 13 and a source/ drain 
region 10 sequentially arranged in a configuration different from 
5 that shown in Fig. 4. 

The semiconductor device is fabricated in the following 

manner. 

As in Embodiment 1, a second polysilicon film is formed 
over a semiconductor substrate 1 formed with a first gate electrode 
10 4 and an intermediate concentration offset region 13 with the 

intervention of an intermediate insulation film 6 as shown in Fig. 
10. 

Subsequently, a second gate electrode 8 is formed only on 
the first gate electrode 4, as shown in Fig. 11, through a 
15 photolithography process. Then, low concentration offset regions 
14 are formed in the substrate in the same manner as in 
Embodiment 1. 

As in Embodiment 2, sidewall insulation films 11 are 
formed on side walls of the first gate electrode 4 and the second 
20 gate electrode 8, and the resulting substrate is subjected to ion 
implantation by using the first gate electrode 4, the second gate 
electrode 8 and the sidewall insulation films 1 1 as a mask for 
formation of source /drain regions 10 as shown in Fig. 12. 

Then, the semiconductor device is completed in the same 
25 manner as in Embodiment 1. 
Embodiment 6 

A semiconductor device according to Embodiment 6 has 
substantially the same construction as the semiconductor device of 
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Embodiment 5, except that silicide layers 12 are provided on the 
surfaces of the source/drain regions 10, on exposed surface 
portions of the first gate electrode and on the surface of the second 
gate electrode 8 as shown in Fig. 13. 
5 The semiconductor device is fabricated by employing the 

fabrication process according to Embodiment 5 and additionally 
the salicide process according to Embodiment 2. 

In accordance with the present invention, at least one of 
the impurity regions includes the low concentration impurity 

10 region, the intermediate concentration impurity region and the 
high concentration impurity region sequentially arranged in this 
order from the region located underneath the first electrode, so 
that the so-called offset region is allowed to have a reduced 
impurity concentration. Thus, the semiconductor device has a 

15 higher breakdown voltage, ensuring an improved performance and 
a higher reliability. By properly determining the amount of the 
overlap between the first electrode and the second electrode, the 
type of the high breakdown voltage junction can be determined 
with a variable characteristic and level of the breakdown voltage. 

20 Thus, the semiconductor device can be provided in conformity with 
design requirements. 

Where the conductive layers are provided on the first 
electrode and /or the second electrode and on the high 
concentration impurity region, the semiconductor device is 

25 operable at a higher operating rate because the resistance of the 
interconnection is reduced. 

Where the pair of impurity regions of the second 
conductivity type each include the low concentration impurity 
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region, the intermediate concentration impurity region and the 
high concentration impurity region sequentially arranged in this 
order from the region located underneath the first electrode, the 
breakdown voltages of the source region and the drain region can 
5 be set at different levels by allowing the second electrode to cover 
the semiconductor substrate by different overlap amounts on the 
opposite sides of the first electrode. Thus, the semiconductor 
device can be provided in conformity with design requirements with 
an improved design flexibility. 

10 Where the first electrode and the second electrode are used 

as a floating gate electrode and a control gate electrode, 
respectively, of a memory transistor, the high breakdown voltage 
semiconductor device can be fabricated through an ordinary 
memory transistor fabrication process. 

15 In the semiconductor device fabrication process according 

to the present invention, the ion implantation is performed a 
plurality of times, so that the impurity region has a gentle impurity 
concentration profile. Further, the impurity region is subjected to 
triplet diffusion, so that the impurity concentration profile can be 

20 broadened by employing a low temperature heat treatment alone. 
Even a lower temperature micro-fabrication process allows the 
so-called offset region to have a more gentle impurity concentration 
profile. Since the implantation of the ions of the second 
conductivity type is performed with an implantation energy such as 

25 to cause the ions to be implanted into the region of the 

semiconductor substrate formed with either of the first electrode 
and the second electrode but not to allow the ions to be implanted 
into the region of the semiconductor substrate formed with the first 
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electrode and the second electrode in a stacked relation, the 
impurity region is allowed to have a greater junction depth. This 
further improves the performance of the high breakdown voltage 
transistor. 

5 Where the step of forming the sidewall insulation films on 

the side walls of the first electrode and/ or the second electrode is 
performed between the steps (iv) and (v) and the implantation of 
the ions of the second conductivity type is performed with an 
implantation energy such as not to allow the ions to penetrate 

10 through the sidewall insulation films in the step (v), triplet 

diffusion of the impurity region can assuredly be achieved, or the 
impurity region is allowed to have a further more gentle impurity 
concentration profile. 

Where the step of forming the sidewall insulation films on 

15 the side walls of the first electrode and/or the second electrode is 
performed between the steps (iv) and (v) and the salicide process 
with the use of the high melting point metal film is performed after 
the step (v), the conductive layers can be formed only on the 
desired regions, i.e., on the first electrode and/or the second 

20 electrode and on the high concentration impurity diffusion region, 
without the need for formation of an additional mask for the 
salicide process. This allows for reduction in the resistance of the 
interconnection, while providing the offset high resistance region. 
Thus, the semiconductor device which is operable at a higher 

25 operating rate can be fabricated through a simplified fabrication 
process. 

Where the second electrode is formed as having a smaller 
thickness than the first electrode, the impurity implantation into 
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the semiconductor substrate can easily be controlled to be 
permitted or prevented as desired. 
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What is claimed is: 

1 . A semiconductor device comprising: 

a semiconductor substrate of a first conductivity type; 

a first electrode provided on the semiconductor substrate 
5 with the intervention of a gate insulation film; 

a second electrode provided at least on the first electrode 
with the intervention of an intermediate insulation film; and 

a pair of impurity regions of a second conductivity type 
provided in a spaced relation in the semiconductor substrate, at 
10 least one of the impurity regions comprising a low concentration 

impurity region, an intermediate concentration impurity region and 
a high concentration impurity region sequentially arranged in this 
order from a region located underneath the first electrode. 

15 2. A semiconductor device as set forth in claim 1, further 

comprising conductive layers respectively provided on at least one 
of the first electrode and the second electrode, and on the high 
concentration impurity region. 

20 3. A semiconductor device as set forth in claim 2, wherein the 

conductive layers is silicide films. 

4. A semiconductor device as set forth in claim 1, further 
comprising sidewall insulation films provided on at least one of the 

25 side walls of the first electrode and the second electrode. 

5. A semiconductor device as set forth in claim 1, wherein the 
pair of impurity regions of the second conductivity type each 
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include the low concentration impurity region, the intermediate 
concentration impurity region and the high concentration impurity 
region sequentially arranged in this order from the region located 
underneath the first electrode. 

5 

6. A semiconductor device as set forth in claim 1, wherein the 
intermediate concentration impurity region is provided only in a 
surface portion of the semiconductor substrate, or extend from the 
surface portion of the semiconductor substrate to the inside of the 

10 substrate as surrounding the high concentration impurity region, 
or as being partly or entirely surrounded by the low concentration 
impurity region. 

7. A semiconductor device as set forth in claim 1, wherein the 
15 high concentration impurity region is provided as being 

surrounded by the low concentration impurity region and the 
intermediate concentration impurity region, or surrounded only by 
the low concentration impurity region. 

20 8. A semiconductor device as set forth in claim 1, wherein the 

low concentration impurity region has an impurity concentration 
on the order of 10 18 ions/ cm 3 , the intermediate concentration 
impurity region has an impurity concentration on the order of 1 X 
10 18 to 10 19 ions/ cm 3 , and the high concentration impurity region 

25 has an impurity concentration on the order of 1 X 10 20 to 10 21 
ions/ cm 3 . 

■9. A semiconductor device as set forth in claim 1, wherein the 
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low concentration impurity region is disposed at a depth of 100 to 
600 nm, the intermediate concentration impurity is disposed at a 
depth of about 100 to about 600 nm, and the high concentration 
impurity region is disposed at a depth of about 100 to about 400 
5 nm as measured from the surface of the semiconductor substrate. 

10. A semiconductor device as set forth in claim 1, wherein the 
first electrode has a greater thickness than the second electrode. 

10 11. A semiconductor device as set forth in claim 1, wherein the 
second electrode entirely covers the first electrode and further 
extends to one side or opposite sides of the first electrode on the 
semiconductor substrate, or disposed only on the first electrode 
having a smaller size than the first electrode. 

15 

12. A semiconductor device as set forth in claim 1, wherein the 
first electrode and the second electrode serve as a.floating gate 
electrode and a control gate electrode, respectively, of a memory 
transistor. 

20 

13. A process for fabricating a semiconductor device, 
comprising the steps of: 

(i) forming a gate insulation film on a semiconductor 
substrate of a first conductivity type and forming a first electrode 

25 on the gate insulation film; 

(ii) subjecting the resulting substrate to implantation of ions 
of a second conductivity type by using the first electrode as a 
mask; 
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(iii) forming an intermediate insulation film on the resulting 
semiconductor substrate and forming a second electrode on the 
intermediate insulation film with at least a part of the second 
electrode being disposed on the first electrode; 
5 (iv) subjecting the resulting substrate to implantation of ions 
of the second conductivity type with an implantation energy that 
causes the ions to be implanted into a region of the semiconductor 
substrate formed with either of the first and second electrodes but 
forbids the ions to be implanted into a region of the semiconductor 
10 substrate formed with the first and second electrodes in a stacked 
relation; and 

(v) subjecting the resulting substrate to implantation of ions 

of the second conductivity type with an implantation energy that 
forbids the ions to penetrate through the first electrode and the 

15 second electrode; 

whereby the semiconductor device is fabricated as having 
at least one impurity region of the second conductivity type 
including a low concentration impurity region, an intermediate 
concentration impurity region and a high concentration impurity 

20 region sequentially arranged in this order from a region located 
underneath the first electrode. 

14. A process as set forth in claim 13, further comprising the 
step of forming sidewall insulation films on side walls of at least 
25 one of the first electrode and the second electrode between the 

steps (iv) and (v), wherein the implantation energy to be employed 
for the implantation of the ions of the second conductivity type in 
the step (v) is at a level that forbids the ions to penetrate through 
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the sidewall insulation films. 

15. A process as set forth in claim 13, further comprising the 
steps of: forming sidewall insulation films on side walls of at least 
5 one of the first electrode and the second electrode between the 

steps (iv) and (v); and forming conductive layers on at least one of 
the first electrode and the second electrode and on the high 
concentration impurity region through a salicide process employing 
a high melting point metal film after the step (v). 

10 

■16. A process as set forth in claim 13, wherein the second 
electrode has a smaller thickness than the first electrode. 

17. A process as set forth in claim 13, wherein the second 
15 electrode is formed as entirely covering the first electrode and 

further extending to one side or opposite sides of the first electrode 
on the semiconductor substrate, or disposing only on the first 
electrode having a smaller size than the first electrode. 
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Abstract 

A semiconductor device comprises: a semiconductor 
substrate of a first conductivity type; a first electrode provided on 
the semiconductor substrate with the intervention of a gate 
5 insulation film; a second electrode provided at least on the first 
electrode with the intervention of an intermediate insulation film; 
and a pair of impurity regions of a second conductivity type 
provided in a spaced relation in the semiconductor substrate, at 
least one of the impurity regions comprising a low concentration 
10 impurity region, an intermediate concentration impurity region and 
a high concentration impurity region sequentially arranged in this 
order from a region located underneath the first electrode. 



32 



FIG.l 




FIG.2 




FIG. 3 



FIG.4 




FIG.7 





FIG. 10 



FIG. 11 



FIG. 12 



FIG.13 




FIG. 14 (Prior Art) 



FIG. 15 (Prior Art) 



FIG. 16 (Prior Art) 



FIG. 17 (Prior Art) 



Nixon & Vanderhye P.C. (10/99) 
(Domestic Non-Assigned/Foreign) 

RULE 63 (37 C.F.R. 1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my name, and I believe 
I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

SEMICONDUCTOR DEVICE AND FABRICATION PROCESS THEREFOR ^^^^^ 

the specification of which (check applicable box(s)): 
f)t is attached hereto 

□ was filed on as U.S. Application Serial No. (Atty Dkt. No. 

□ was filed as PCT International application No. on 

and (if applicable to U.S. or PCT application) was amended on ~ 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 
37 C.F.R. 1 .56. I hereby claim foreign priority benefits under 35 U.S.C. 1 19/365 of any foreign application^) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed or, if no priority is claimed, before the filing date of this application: 
Brk>ri1y Foreign Application (s): 

Application Number Country Day/Month/Year Filed 
_g 2000-359535 Japan 27/11/2000 



I fireby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application^) listed below. 
Application Number Date/Month/Year Filed 



I fif reby claim the benefit under 35 U.S.C. 120/365 of all prior United States and PCT international applications listed above or below and, insofar as the 
sffiject matter of each of the claims of this application is not disclosed in such prior applications in the manner provided by the first paragraph of 35 
IJ.SLC. 112, 1 acknowledge the duty to disclose material information as defined in 37 C.F.R. 1.56 which occurred between the filing date of the prior 
applications and the national or PCT international filing date of this application: 

F%i£r U.S./PCT Application(s): 

Application Serial No. Day/Month/Year Filed 



I fffteby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 
bg jrue; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. And on behalf of the owner(s) hereof, I hereby appoint NIXON & VANDERHYE P.C, 1100 North Glebe Rd., 
8 h Floor, Arlington, VA 22201-4714, telephone number (703) 816-4000 (to whom all communications are to be directed), and the following 
attorneys thereof (of the same address) individually and collectively owner's/owners' attorneys to prosecute this application and to transact all business 
in the Patent and Trademark Office connected therewith and with the resulting patent: Arthur R. Crawford, 25327; Larry S. Nixon, 25640; Robert A. 
Vanderhye, 27076; James T. Hosmer, 30184; Robert W. Faris, 31352; Richard G. Besha, 22770; Mark E. Nusbaum, 32348; Michael J. Keenan, 32106; 
Bryan H. Davidson, 30251 ; Stanley C. Spooner, 27393; Leonard C. Mitchard, 29009; Duane M. Byers, 33363; Jeffry H. Nelson, 30481 ; John R. 
Lastova, 33149; H. Warren Burnam, Jr. 29366; Thomas E. Byrne, 32205; Mary J. Wilson, 32955; J. Scott Davidson, 33489; Alan M. Kagen, 36178; 
Robert A. Molan, 29834; B. J. Sadoff, 36663; James D. Berquist, 34776; Updeep S. Gill, 37334; Michael J. Shea, 34725; Donald L. Jackson, 41090; 
Michelle N. Lester, 32331 ; Frank P. Presta, 19828; Joseph S. Presta, 35329 I also authorize Nixon & Vanderhye to delete any attorney 
names/numbers no longer with the firm and to act and rely solely on instructions directly communicated from the person, assignee, attorney, firm, or 
other organization sending instructions to Nixon & Vanderhye on behalf of the owner(s). 

V {-tPjjrflSL /^t^i Date: August 23, 2001 

Hitoshi AOKI Japanese 

(first) Ml (last) (citizenship) 

Kasaoka-shi (state/country) Okavama, JAPAN 

17-14, Ooiminami, Kasaoka-shi, Okayama, Japan 

714-0013 



__ Date: 

(first) Ml (last) (citizenship) 
(state/country) 



Status: patented 
pending, abandoned 



1 . Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

2. Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



FOR ADDITIONAL INVENTORS, check box □ and attach sheet with same information and signature and date for each. 



